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Presentation Outline 
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Introduction 
 Water scarcity in UAE: 
◦ Population growth 
◦ Industrial development 
◦ Arid zone  low rainfall and 
high evaporation rates  
 
 Wastewater treatment as viable 
water resource   
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 Several technologies used for wastewater treatment for better quality 
effluents such as biological processes , physical processes, and chemical 
processes  
 Implementation of electro-technologies in wastewater treatment is very 
promising; Electrocoagulation, as a pre or post treatment 
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Introduction 
 Water reuse 
 
TDS become TSS 
Physical separations is possible 
 
Limit chemical 
addition 
 
Remove a broad spectrum of industrial pollutants  
 
 
Low operating costs, maintenance and power 
requirements 
 
 
Environmentally 
friendly  
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Introduction 
Shereen Hasan - 10th, June 2014 
 When current is applied, it passes through a metal 
electrode, oxidizing the metal (Al) to its cation 
(Al3+)  electro-oxidation 
 Hydrogen (H+)  is produced by oxidizing the water 
and oxygen gas (O2) at the anode, whereas 
hydrogen gas (H2) and hydrogen oxide (OH
-),  
water reduction, are generated at the cathode  
 Hydroxide flocs (OH-) react with aluminum ions 
precipitating aluminum hydroxides 
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Introduction – EC Process 
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For Aluminum Electrodes: 
. 
 Anode:  Al  Al3+ + 3e- 
 
Cathode:  3H2O + 3e
- 1.5H2 + 3OH
- 
 
Overall:  Al + 3H2O  1.5 H2 + Al(OH)3 
 
 
 
Problem Statement 
 Acetylene is produced by Emirates Industrial Gases Co. (EIGCO) 
using the carbide process in their Acetylene Plant in Dubai 
 
 The company produces an average of 2370 kg/d of acetylene, 
while utilizing about 5960 kg/d of calcium carbide in a specially 
designed reaction chamber 
 The company generates 3500 to 4500 metric tons/yr of calcium 
hydroxide as a by-product waste 
 The average amount of wastewater generated during the process 
is about 2015 m3/month 
7 
 
CaC2 + 2H2O   C2H2 + Ca (OH) 2 
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Problem Statement 
 The generated slurry is drained from the reaction 
chamber and pumped into a holding pond, where the 
calcium hydroxide (carbide lime) settles out 
 The carbide lime is then removed from the pond and 
allowed to dry to a moisture content of about 25%, 
before it is sent for disposal 
 This huge amount of waste represents a major 
environmental and economic challenge to the company 
and to the UAE as a whole 
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Maximum Allowable Limits for Discharge to DM System  
Parameter 
Maximum Limit 
Sewage  
Maximum Limit 
Harbor 
Maximum Limit 
Open sea (Gulf) 
Physico – chemical 
BOD, mg/L 1,000 30 30 
COD, mg/L 3,000 100 100 
pH 6 – 10 6-9 6-9 
TDS, mg/L 3,000 1,500 1,500 
Temperature, 
°C 
45 or > 5 of 
ambient 
35 35 
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Research Objectives 
Main Objective 
 To investigate the performance of electrochemical 
reactors to reduce the COD, TDS, EC, TH and pH using 
pure air (EA system)  
Detailed Objectives: 
 Conduct statistical analysis to determine the significant 
operating parameters  
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Materials and Methodology 
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Physical-chemical characteristics of the industrial wastewater 
12 
Parameter Range  
pH 12 - 12.2 
COD ( mg/l) 300 – 350 
EC (ms/cm) 5 – 6 
TDS (mg/l) 2500 – 3500 
TH ( mg/l as CaCo3) 1000 – 1200 
Salinity (%) 3 - 3.5 
TSS ( mg/l)            1000   -   2000    
WASTEWATER SAMPLES  
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 Experiments were conducted in 2 L cylindrical reactor made of 
Plexiglas having an effective volume of 1 L and an internal diameter of 
14.5 cm.  
 Two aluminum electrodes with dimensions of 6x5x3 mm that are 
spaced apart by 5.5 cm were connected to a DC power supply.  
 Pure air gas was injected to reactor in EA system. 
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EXPERIMENTAL APPARATUS  
 Experimental  Apparatus  
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DC Power Supply 
Reactor 
Heater 
Mixing 
by stirrer  
Water Path 
Independent variable  Symbol Level 
  
  
-1 0 +1 
pH X1 7 9.5 12 
Temperature  (oC) X2 20 27.5 35 
CD ( A/m2) X3 143 213 284 
Shereen Hasan - 10th, June 2014 15 
 
Box-Behnken design (BBD) was used to design the model with operating 
conditions shown in table below 
 
STATISTICAL ANALYSIS  
  Minitab used to build a model by using (RSM)                 to check the optimum 
conditions for the best performance of the Electrocoagulation process. 
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Run Order pH Temp CD 
1 9.5 27.5 213.5 
2 9.5 27.5 213.5 
3 12 35 213.5 
4 12 27.5 143 
5 12 27.5 284 
6 7 27.5 284 
7 7 20 213.5 
8 9.5 20 143 
9 7 35 213.5 
10 9.5 35 143 
11 9.5 20 284 
12 9.5 35 284 
13 9.5 27.5 213.5 
14 7 27.5 143 
15 12 20 213.5 
   Results and Discussions 
• Parametric Study 
 Several experiments were carried out at different operating conditions 
so as to compare the electrochemical reactor performance with 
respect to COD, TH, TDS, salinity and EC reduction in EA system.  
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RO 5 
Temp. 
27.5 oC 
pH  
12 
CD 
284  
A/m2 
Industrial feed wastewater characteristics  for RO 5 
Contaminant Feed  Treated  
 EA system 
COD, mg/L 345 205 
TDS, g/L 4.25 1.2 
TH, mg/L as CaCO3 1050 696 
pH 12.2 10.6 
EC, ms/cm 7.8 2.3 
Salinity, % 4.4 2.7 
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% Reduction of COD, TH, TDS and salinity in the treated wastewater   
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Treated Feed 
Statistical Analysis  
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Good Correlation  
IF 
P value < 0.05 Lack of fit > 0.05 
To study the correlation between the parameters for each response, statistical 
analyses were carried out.  
Statistically  
 COD % reduction 
 
 TH % reduction 
 
 EC and TDS % reduction  
 
 Salinity % reduction 
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COD % reduction – EA system 
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 Analysis of Variance for COD % ( EA system ) 
R2 = 96.94 % 
  
Source 
Regression 
  Linear 
    pH 
    Temp 
    CD 
  Square 
    pH*pH 
    Temp*Temp 
    CD*CD 
  Interaction 
    pH*Temp 
    pH*CD 
    Temp*CD 
Residual Error 
  Lack-of-Fit 
  Pure Error 
  
DF 
9 
3 
1 
1 
1 
3 
1 
1 
1 
3 
1 
1 
1 
5 
3 
2 
Seq SS 
1098.85 
284.39 
93.13 
106.10 
85.16 
790.61 
49.32 
59.45 
681.83 
23.85 
5.64 
1.71 
16.50 
34.72 
32.59 
2.13 
Adj SS 
1098.85 
284.39 
93.13 
106.10 
85.16 
790.61 
30.52 
32.25 
681.83 
23.85 
5.64 
1.71 
16.50 
34.72 
32.59 
2.13 
Adj MS 
122.094 
94.795 
93.130 
106.097 
85.159 
263.536 
30.525 
32.250 
681.834 
7.951 
5.641 
1.711 
16.499 
6.943 
10.862 
1.065 
F 
17.58 
13.65 
13.41 
15.28 
12.26 
37.95 
4.40 
4.64 
98.20 
1.15 
0.81 
0.25 
2.38 
  
10.20 
  
P 
0.003 
0.008 
0.015 
0.011 
0.017 
0.001 
0.090 
0.084 
0.000 
0.416 
0.409 
0.641 
0.184 
  
0.091 
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Correlations between pH, CD and Temperature for COD reduction 
(%) – EA system 
P= 0.409 
P= 0.184 
P= 0.641 
Residual Plots -  COD % reduction 
EA system 
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COD % prediction  
 EA system    
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26 
Y= 0.98x + 0.79 
R2= 0.98 
Exp.  Vs Prediction  at EA system 
EA system 
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Run Order 
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Run-order verses COD % reduction experimentally and prediction – EA system 
 
Overall Optimization at EA systems 
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Optimum Conditions 
EA system 
pH 
12 
Temp. 
27.5 °C 
CD 
284 
A/m2 
EA  
Response COD TH TDS 
Average Error (%) 
 
3.5 5.6 5.9 
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Conclusions  
 Several experiments using an electrochemical batch 
reactor were carried out at different current densities, 
temperatures, and pH ranging between 140-290 A/m2, 20-
35 °C, and 7-12, respectively 
 
  The pure air (EA system) was used to ensure good mixing 
and solution homogeneity 
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Conclusions - EA System 
 The highest efficiencies for: 
 TH  and Salinity reductions were (48%) and (53%), respectively at 
213.5 A/m2, 35 oC, and 12 
 COD reduction was (47%) at 143 A/m2, 35 oC, and 9.5  
 TDS was (71%) at 284 A/m2, 27.5 oC, and 12 
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Statistical  Analysis 
COD reduction = fn (pH, T, CD) 
TH reduction = fn (pH, T) 
EC = fn (pH, CD) 
Salinity reduction = fn (pH) 
TDS reduction = fn (pH, CD) 
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Recommendations for Future Work  
1. Evaluate the continuous operation of an electrocoagulation reactor 
for the treatment of carbide slurry at the obtained optimum 
conditions 
 
2. Carry out numerical modeling for the rate of reduction of COD, TH, 
TDS and salinity at different operating conditions 
 
3. Expand the study into a pilot-scale to evaluate its performance at 
different operating conditions 
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